P atients with meningiomas arising from the tuberculum sellae frequently present with visual loss. 7, 10 Accordingly, the main objective of treatment is preservation of vision, but tuberculum meningiomas remain challenging neurosurgical diseases to treat because visual loss is also one of the main risks of resection.
Accordingly, the main objective of treatment is preservation of vision, but tuberculum meningiomas remain challenging neurosurgical diseases to treat because visual loss is also one of the main risks of resection. 9, 11 The exact mechanism of visual loss in cases of growing mass lesions around the optic apparatus remains unclear, and direct compression, demyelination, and ischemia have been proposed as potential causes. 7 However, it appears relatively common to observe compression, small-vessel compromise, and demyelination occurring concurrently. 6 Vascular supply to the optic nerve (ON) does appear to play a significant role in both visual compromise on presentation and vision recovery on treatment and resection of the offending lesion. This concept is supported by reports of cases of worsening postoperative visual function in which imaging fails to reveal an operative site hematoma, subperiosteal orbital hematoma, or carotid/ophthalmic artery vasospasm, and it is thought that the pial blood supply to the optic apparatus has been compromised. 9 To further explore the relationship between the vascular supply of the ON and visual outcomes in skull base meningioma surgery, the technique of intraoperative indocyanine green (ICG) angiography was used. Here, we report the use of ICG video angiography to evaluate the pial vascular supply of the ON compressed by a tuberculum meningioma, before and after tumor resection with decompression of the ON.
case report

History and Examination
A 52-year-old man presented with gradual blurring of vision in the left eye over 8 months. He was referred to an ophthalmologist who measured a best corrected visual acuity of 20/20 in the right eye and 20/30 in the left eye. A severe visual field defect affecting only the left eye was abbreviatioNs cPCON = complete filling of the pial circulation of the optic nerve; ICA = internal carotid artery; ICG = indocyanine green; iPCON = initial filling of the pial circulation of the optic nerve; ON = optic nerve; PCON = pial circulation of the optic nerve. submitted April 6, 2015 Tuberculum sellae meningiomas frequently produce visual loss by direct compression from tumor, constriction of the optic nerve (ON) under the falciform ligament, and/or ON ischemia. The authors hypothesized that changes in visual function after tumor removal may be related to changes in blood supply to the ON that might be seen in the pial circulation at surgery. Indocyanine green (ICG) angiography was used to attempt to document these changes at surgery. The first patient in whom the technique was used had a left-sided, 1.4-cm, tuberculum meningioma. Time-lapse comparison of images was done postsurgery, and the comparison of video images revealed both faster initial filling and earlier complete filling of the ON pial circulation, suggesting improved pial blood flow after surgical decompression. In follow-up the patient had significant improvements in both visual acuity and visual fields function. Intraoperative ICG angiography of the ON can demonstrate measurable changes in pial vascular flow that may be predictive of postoperative visual outcome. The predictive value of this technique during neurosurgical procedures around the optic apparatus warrants further investigation in a larger cohort.
detected on Humphrey visual field testing ( Fig. 1 ). He had no other signs or symptoms; specifically he denied having headache, periorbital pain, or any facial numbness. His neurological examination was notable for temporal ON pallor in the left eye. He was otherwise neurologically intact with normal mental status, normal function of the 3rd-12th cranial nerves, full motor strength, intact sensation, normal reflexes, and normal gait.
Hematological and electrolyte laboratory examinations showed no abnormal results. Magnetic resonance imaging of the brain with and without contrast revealed a 14 × 9.4 × 9.7-mm homogeneously enhancing mass medial to the anterior clinoid process on the left involving the optic canal, which was most consistent with a tuberculum sellae meningioma (Fig. 2) . There was no evidence of involvement of the left cavernous sinus, or extension of the mass into the orbital apex. Treatment options for the lesion including open surgical, endoscopic, and radiotherapy options were discussed with the patient, and the decision was made to proceed with resection with decompression of the ON.
Operation
The use of ICG to study the pial circulation of the ON (PCON) in meningioma surgery was approved by the local Committee on Human Research, and the patient provided consent for its use before and after tumor resection. The patient underwent a left frontotemporal craniotomy with orbital osteotomy for tumor resection. Following the orbital osteotomy the optic canal was opened extradurally without clinoidectomy. On intradural examination, the ON was found to be displaced superiorly and laterally by a tumor arising from the junction of the chiasmatic sulcus and proximal medial left optic canal (Fig. 3 left) . A Simpson Grade II removal of a left tuberculum meningioma was accomplished without complications 13 ( Fig. 3 right) .
Analysis of PCON by ICG Angiography
During the operation, ICG was injected intravenously, and intraoperative recordings of the PCON were made using a microscope with dedicated software (Pentero, Carl Zeiss Co.). The ICG angiography studies were performed at two points during the procedure: once before and then again after resection of the tumor (Video 1). video 1. Indocyanine green video angiography performed at two points during the procedure: once before and then again after resection of the tumor. The intervals between the first appearance of ICG in the ICA and iPCON and between iPCON and cPCON were marked and measured at both pre-and postresection states. After resection, there is both faster iPCON and earlier cPCON, suggesting improved pial blood flow after surgical decompression. Copyright Seunggu J. Han. Published with permission. Click here to view.
The intervals between 1) first appearance of ICG in the internal carotid artery (ICA) to initial filling of the pial circulation of the ON (iPCON) and 2) iPCON to complete filling of the PCON (cPCON) were recorded and measured at both time points. Qualitative review of pre-and postresection ICG angiograms at the time of surgery revealed a shorter ICA-to-iPCON time and shorter iPCON-to-cPCON times after tumor removal. Preresection to postresection ICA-toiPCON times were 4.1 and 2.4 seconds, respectively. Preresection to postresection iPCON-to-cPCON times were 12.2 and 8.4 seconds, respectively.
Quantitative ICG signal intensity analysis was also performed to confirm these impressions. From the original ICG video, still images were extracted for analysis at 1-second intervals. From these images, the ICG signal intensities of the ICA and the ON were quantified using ImageJ software (NIH). The reference start time was determined when the ICA had a relative signal intensity of 100. Referencing back to the original images, the signal intensity threshold corresponding to the iPCON time point was found to be 80, and this threshold was confirmed to be reached by the ON in the preresection state at 4 seconds, and by the ON on the postresection images between 2 and 3 seconds (Figs. 4 and 5) . The cPCON time point corresponded to a signal intensity value of 200, which was reached after 12 seconds in the preresection ON, and between 8 and 9 seconds in the postresection ON.
Postoperative Course
The patient tolerated the procedure well and suffered no new neurological symptoms. He described his vision as stable postoperatively compared with before tumor resection. He was discharged home in good condition on postoperative Day 4. Repeat MRI performed postoperatively revealed radiographic gross-total resection (Fig. 2  right) .
In outpatient follow-up, 2 weeks postprocedure, the patient had improvements in subjective visual acuity and color perception. Testing by an ophthalmologist 6 months after surgery documented a visual acuity of 20/20 in each eye. The visual field defect had resolved nearly completely (Fig. 1) . The patient is currently being followed with serial imaging, and remains recurrence free 4 years postresection.
Histopathological Findings
Microscopic evaluation of the resected tumor tissue and involved clinoid dura mater revealed WHO Grade I meningioma, without evidence of high-grade features.
discussion
Intraoperative video angiography performed using ICG for visualization and recording through operating microscopes has been widely embraced by neurosurgeons, often replacing intraoperative conventional digital subtraction angiography in the management of intracranial aneurysms. 1, 4, 12 In addition, ICG angiography has the benefit of greater detail and direct visualization and the ability to covisualize nonvascular anatomical structures with light microscopy. The indications for ICG angiography have expanded since its introduction into the neurosurgical arena to include arteriovenous malformation, 16 intracranial revascularization, 1 spinal dural arteriovenous fistula, 2 intraaxial tumor resection, 3 endoscopic third ventriculostomy, 15 and microvascular decompression. 17 The use of ICG in meningioma surgery has been described, demonstrating its potential benefit in identifying adjacent venous sinuses and pial supply of the tumors. 14 We report the first application of ICG to study the pial circulation of the ON during meningioma surgery around the optic apparatus.
In our case, the ICG allowed us to visualize improved pial vascular supply to the affected ON, with faster iPCO N and earlier cPCON after tumor resection. Fortunately, the patient experienced significant recovery in visual function over time after surgery. Recognizing vision preservation as a top priority in surgical management of tuberculum meningiomas, previous reports have described different preoperative variables predictive of improved visual outcomes after treatment. 5, 8 These variables include dura- tion of symptoms, intrinsic signal characteristics on MRI, presence of peritumoral edema, extent of resection, and involvement of surrounding vessels. We believe that the improvement of PCON seen on ICG angiography may also be of prognostic value for early improvement of visual function. Although the technique certainly warrants examination across a larger cohort, one of its strengths is that the filling times of the pial circulation relative to the ICA can be measured and tracked in an objective fashion. In addition, our findings continue to support the role of local vascular supply in visual outcomes for patients undergoing treatment for tuberculum meningioma as well as other compressive mass lesions around the optic apparatus.
conclusions
We report the first case in which ICG angiography has been applied to measure the PCON during resection of a tuberculum meningioma compressing the left ON. This technique appears to be feasible and may have a role in predicting early visual outcomes in patients undergoing resection of mass lesions around the optic apparatus.
references
